Lu-
178 Hf and 149 Nd spikes were added to each sample aliquot; no spike was added to sample B1 used for the 142 Nd/ 144 Nd isotope ratio measurement. Digestion of spiked samples followed methods outlined in Lapen et al. (2004) and Mahlen et al. (2008) . Sample B1 was divided into three separate aliquots in order to improve sample dissolution and avoid column saturation and then recombined after chemical purification for a high-precision 142 Nd/ 144 Nd isotope ratio measurement. Two steps of dissolution were employed using PFA Teflon beakers sealed with tight-fitting hexagonal lids. In the first step the powder was digested in a mixture of concentrated HF:HNO 3 :HClO 4 in a ratio of 3:1:0.5. This solution was evaporated to a solid residue. In the second step the residue was dissolved in concentrated HCl.
Chemical separation and purification of Lu, Hf, Sm, and Nd:
For each spiked sample, Lu, Hf, Sm, and Nd were separated from the matrix elements and each other following methods similar to those outlined in Lapen et al. (2004; , Münker et al. (2001) , and Gruau et al. (1988) . New resin and reagents were used for all steps of the chemical processing. All yields are typically > 90% (Lapen et al., 2004) and total procedural blanks for Hf and Lu were < 80 pg, Nd were < 50 pg and Sm were < 20 pg and are negligible. The Nd of sample B1 was purified using cation resin and HDEHP columns. Cerium in the Nd cut was removed using a solvent extraction procedure (Rehkämper et al., 1996) .
Mass spectrometry:
All Lu and Hf isotope analyses were carried out at the University of Wisconsin-Madison Radiogenic Isotope Laboratory using a GV Instruments IsoProbe MC-ICP-MS. During Hf isotope analysis, the following isotopes were analyzed: 176 Hf, 177 Hf, 178 Hf, 179 Hf, and 180 Hf as well as 173 Yb, 175 Lu, and 182 W which will be used to monitor and ultimately correct for isobaric interferences on 176 Hf (Yb and Lu) and 180 Hf (W). Although 180 Ta is also a potential isobaric interference on 180 Hf, there was very little Ta in the Hf cut making correction unnecessary. Instrumental mass fractionation correction and spike striping 2 followed methods of Lapen et al. (2004) . Standards and samples were measured in solutions of 5 -30 ppb and were introduced into the mass spectrometer through a Cetac Technologies Aridus 2 desolvating nebulizer with a 50 μℓ/min nebulizer tip. Throughout the Hf isotope analysis of samples, we analyzed our in-house UW-AMES Hf standard to correct for instrumental fractionation and JMC-475 Hf as an unknown standard. Repeated analysis of the Hf standard JMC-475 yielded 176 Hf/ 177 Hf = 0.282162 ± 11 (2-SD, n = 25). Lutetium isotope analyses followed procedures in Lapen et al. (2004) Nd ratios of Nd standards are 0.511849 ± 0.000001 for LaJolla (n = 4) and 0.512136 ± 0.000003 for Ames Nd (n = 10). Detailed explanations of the procedures for high-precision analyses are described in Debaille et al. (2007 (Ludwig, 2003) . All uncertainties are at 2σ.
Sm-Nd Isotope data and isochron:
The Sm-Nd data for ALH ( Figure S2b , precluding binary mixing between phases. Given that the distributions of Sm and Nd are predominately controlled by phosphate and OPX in ALH (Table 2) , it is likely that these represent the two end-member mixing components. Since the Sm and Nd concentrations in phosphate are several orders of magnitude higher than any other phase in ALH, chemical disturbances of phosphate likely have a strong effect on the slope of an isochron if Sm and Nd are decoupled and re-distributed in variable proportions during shock and/or aqueous alteration. Counterclockwise rotation of an isochron will yield initial ratios that are lower than the true initial ratio and an 'age' that is older than the true age. In ALH, this is evident by the rotation of the Sm-Nd 'isochron' defined by R1-L1 relative to that defined by S2-S4 ( Figure S1 ). The leaching procedure for L1 and R1 (described above) involved leaching of intact 100-250 mesh (75 -150 μm) mineral material in 2.5 M HCl at 50 ºC for 2 hours. Recent tests with terrestrial basalts and minerals show that chemical fractionation of Sm from Nd during the leaching process is very unlikely (Mahlen et al. 2008) . Instead, it is most likely that decoupling between Sm and Nd occurred during shock metamorphism and/or aqueous alteration and that the leaching experiment indicates local inter-mineral disturbance from a bulk composition that lies on the S2-S4 line on a Sm-Nd isochron diagram ( Figure S3 ). Although the integrated composition calculated for L1 and R1 lies on the S2-S4 line, it is shifted away from the bulk rock (S3) because the starting material was the 'float' fraction after heavy liquid separation and does not represent the true bulk rock. Given that the integrated composition of L1 and R1 lie on the S2-S4 line, it is clear that this alteration occurred as a closed system (i.e. there was no removal/addition of Sm or Nd from the sample relative to the S2-S4 line). Because S2-S4 defines a mixing line (Figure S2a ), the slope of the isochron defined by these samples is controlled by phosphate and OPX (Table 2 ). The evidence in Figure S2a strongly supports the interpretation that the phosphate and perhaps silicate minerals are disturbed for Sm and Nd and this may dramatically affect the slope of the isochron resulting in spurious age and initial isotope composition. We thus interpret the Sm-Nd isochron defined by S2-S4 to be disturbed and/or rotated in a similar manner as the L1-R1 line relative to the S2-S4 line ( Figures S1 and S3 ). This is supported by the initial 143 Nd/ 144 Nd ratio defined by points S2-S4 of 0.506843 which yields a calculated source 147 Sm/ 144 Nd ratio of 0.125 ± 0.056 (2σ) for a 4.405 Ga age assuming a source formation from a chondritic precursor at 4.513 Ga. The source 147 Sm/ 144 Nd ratio is below any likely source rock in Mars (Debaille et al., 2007) or, for that matter, any common rock-forming mineral, but approaches the source of enriched shergottites of about 0.185 within error. If we interpret the 4.405 Ga Sm-Nd isochron to be disturbed through chemical decoupling of Sm and Nd, the alteration could have occurred in an open system (metasomatism) or closed system (inter-mineral alteration). In the open system case, the bulk rock Sm/Nd ratio would be altered leading to isotopic decoupling. In the closed system case, Sm and Nd would exchange between reactant and product phases during chemical reactions associated with alteration or through inter-mineral diffusive exchange. The former could yield altered bulk rock compositions, while the later would still yield meaningful bulk rock Sm-Nd data since it would effectively be the fulcrum about which the isochron would rotate. To test this, we can compare the calculated source 147 Sm/ 144 Nd versus measured 147 Sm/ 144 Nd ratios of shergottites with those of ALH samples measured here ( Figure S4 ). The linear trend of shergottites has been described in Debaille et al. (2007 Debaille et al. ( , 2008 to represent a mixing line between depleted and enriched end-member mantle sources. If the source of ALH parental magma is a mixture of the depleted and enriched end-member components that can produce the range of compositions of shergottites, then we would expect that ALH would plot on the red line in Figure S4 . Our measured bulk Table 1 ), and present-day CHUR (green square with cross). The 143 Nd/ 144 Nd ratio of the bulk integrated composition (blue circle) was assumed to fall on the S2-S4 line whereas the integrated bulk for L1 and R1 was calculated from the measured data only. All sample labels are listed in Table 1 . rock fraction (S3) does plot on the shergottite mixing line whereas S2 and S4 do not, indicating that they are likely disturbed relative to S3. This is because in any unaltered internal isochron of independently known age, each phase within a rock would have the same source 147 Sm/ 144 Nd ratio regardless of measured 147 Sm/ 144 Nd ratio (the phases would plot as a horizontal line in Figure S4 ) and any closedsystem exchange of Sm and Nd would result in a rotation of the Sm-Nd isochron about a fulcrum represented by a bulk rock of the system. If there was open-system alteration and decoupling of Sm and Nd, it would be fortuitous that the measured bulk rock (S3) and its calculated source would lie on the shergottite correlation line in Figure S4 . It is also important to reiterate that the bulk rock sample (S3) likely represents an average composition of approximately 1.6 grams of sample material making it our best estimate of the bulk rock Sm-Nd isotope composition. The fact that sample S3 is a meaningful representative of the main mass bulk rock of ALH, and that the fulcrum of the disturbed isochron rotated around or very close to the sample S3 point in Fig. S3 , is also verified by the close fit of the calculated bulk rock to sample S3 from trace element and mineral mode data. This shows that the 147 Sm/ 144 Nd ratio of ALH's source must lie close to where S3 is plotted in Fig. S4 , verifying the link between ALH and shergottite sources through mixing of incompatible trace element enriched and depleted end-members.
Independent lines of evidence for local, closed-system alteration are the Sr isotopes of bulk rock and carbonate phases analyzed by Borg et al. (1999) . They noted that the bulk rock Rb-Sr data of ALH lie along a Rb-Sr isochron defined by late carbonate, indicating that the Sr that was incorporated into carbonate minerals at about 3.9 Ga was likely to have been derived from the surrounding minerals (Borg (York, 1966) . ES = enriched shergottites (zagami, Shergotty, RBT04262, NWA4468, LAR06319, NWA856, and Los Angeles). IS = intermediate shergottites (EETA79001 and ALHA77005). DS = depleted shergottites (SaU094, DaG476, SaU008, and QUE94201). The green 1:1 line represents the same source and measured 147 Sm/ 144 Nd ratios (e.g. Debaille et al. 2007 Debaille et al. , 2008 . Data from Debaille et al. (2007 Debaille et al. ( , 2008 , Borg et al. (1997 Borg et al. ( , 2003 , Shih et al. (1982 , Lapen et al. (unpublished data). et al. 1999) . Since Sr can be more fluid mobile than Sm and Nd, we would expect that the Sr concentration and isotope composition would be a very sensitive indicator of metasomatism. However, as noted by Borg et al. (1999) , it appears that Rb-Sr isotope data are not disturbed beyond the scale of the bulk rock analyzed by Nyquist et al. (1995) during or after carbonate formation at 3.90 Ga.
Because the bulk rock Sm-Nd data for ALH plot on the shergottite mixing line in Figure S4 , we can interpret sample S3 as undisturbed with regard to chemical fractionation of Sm and Nd after protolith formation, an interpretation consistent with the Rb-Sr data discussed above. Nd ratios of shergottites were calculated based on their internal isochron ages (0.15 -0.57 Ga), not the Pb-Pb ages (~4.1 Ga) presented in Bouvier et al (2005 Bouvier et al ( , 2008a Bouvier et al ( , 2009 for the reasons that include, but are not limited to, the following. First, given the isotope systematics of internal isochrons and the assumption that they were reset by shock-related metamorphism, it is required that the isotope systems in the rock were all completely reset during shock because the ages determined from different isotope systems are mostly concordant. This would be true for all isotope systems including Lu-Hf, Sm-Nd, Rb-Sr, and U-Pb. It is important to note that these elements have very different geochemical properties and are primarily hosted in different minerals. That being the case, it would be extremely unlikely that shock disturbance of the rock would yield concordant ages for all of these isotope systems (Nyquist et al, 1979) . Also, recent experimental work by Gaffney et al (2007) on samples of known age that were subjected to shock (55 GPa) and thermal (1000 C for 1 week) disturbances showed that "No spurious age information appears to be reflected in our results" for Rb-Sr and Sm-Nd, meaning that the magmatic ages cannot be reset by this process. Second, if these shock events could so thoroughly reset all of these isotope systems resulting in concordant ages for different isotope chronometers as suggested by Bouvier et al. (2005 Bouvier et al. ( , 2008a Bouvier et al. ( , 2009 ), this shock event should correspond to the measured isochron age. However, the ejection events should represent the most severe shock event that led to the observed conversion of plagioclase to maskelynite as well as other shock features in the shergottites, yet the ages of these ejection events are all less than about 20 Ma rather than the range of 150 -575 Ma for the observed internal mineral isochron ages. If shock could so efficiently reset these isotope systems, the most vigorous shock event (the ejection event) should leave some imprint consistent with measured Mars ejection ages (Christen et al, 2005 and references therein), which again are not seen in shergottites. Third, the well-defined isotope and trace element source correlations presented in this manuscript would all disappear if the crystallization ages of shergottites were ~4 Ga. Furthermore, the calculated initial isotope compositions of many shergottites would be impossible (i.e. less radiogenic than the solar system initial). Hence, the most simple and straightforward interpretation is that the internal isochrons for the shergottites are magmatic ages and these ages lead to the observed wellcorrelated geochemical systematics. Finally, there is no petrographic (textural) evidence for shock alteration that would have completely reset robust isotope systems. For example, the Lu-Hf isotope chronometer is reset when Hf isotope compositions of all phases in the rock are completely mixed. Hf in silicate materials occurs as a Hf 4+ ion that is relatively immobile. For Hf to be completely mobilized and well mixed between all phases, we would expect the rock to be completely re-equilibrated with respect to major elements and the minerals they constitute. In other words, the rock would have to be completely recrystallized and equilibrated to the metamorphic conditions of the shock event. However, the 7 observations through petrographic and petrologic analyses (e.g. Jagoutz, 1991; McSween and Treiman, 1998 and references therein; Treiman, 1998; Sarbadhikari et al, 2009 ) of shergottites are that the observed features are dominantly igneous, not metamorphic (with the main exception of shock de-crystallization of plagioclase). The hypothesis that introduces the fewest assumptions while still sufficiently answering the question is used to guide us in interpreting the igneous crystallization ages. In order to forward a model where the crystallization ages of shergottites are ~4 Ga, many more assumptions and explanations are required in order to refute the chronologic and petrologic datasets consistent with younger crystallization ages that exist in the literature.
In situ trace element analyses:
Samarium, Nd, Lu and Hf abundances in constituent phases of ALH were determined by laser ablation inductively-coupled plasma mass spectrometry (LA-ICPMS) at the University of Houston on a representative thick section of ALH. Analyses were performed using a CETAC LSX 213 nm laser ablation system coupled to a Varian 810-MS ICP-MS. Prior to laser analysis, the OPX and chromite minerals were characterized by backscattered electron imaging and major elements abundances were determined by electron probe microanalysis (EPMA) Cr internal standards, respectively. For each analyzed point, we measured a 15 second gas blank prior to sample ablation. Samples were ablated for ~ 30 s with the laser power set at 2 mJ/4 ns pulse and a repetition rate of 20 Hz. All trace element data were corrected for laser and ICPMS elemental fractionation with BHVO-2G. Direct comparison of our results with those of Wadhwa and Crozaz (1998) for OPX, albeit from different thick sections, indicate good agreement between data sets collected by LA-ICPMS and ion probe ( Figure S5 ). Figure S5 . REE analysis of orthopyroxene from ALH measured in the LA-ICPMS laboratory at the University of Houston. Laser data (black circles) is plotted along with ion probe data of Wadhwa and Crozaz (1998) . Although there is zoning in trace element contents in these pyroxenes, there is good agreement between datasets.
